Abstract. The present study was conducted to investigate whether a portable CO2 incubator was effective for in vitro maturation (IVM) of bovine, porcine and minke whale oocytes, and the effect of maturation media supplemented with different hormones; porcine follicle stimulating hormone (pFSH), estradiol-17β (E2), or pregnant mare's serum gonadotropin (PMSG): human chorionic gonadotropin (hCG) for minke whale immature oocytes was also examined. In vitro maturation rates of bovine and porcine oocytes cultured in the portable CO2 incubator were not significantly different from the standard CO2 incubator. In minke whale IVM culture using the portable incubator, the maximum expansion of cumulus mass was observed by pFSH/E2 and PMSG/hCG at the end of IVM culture. Moreover, the IVM culture period was shortened to 28-30 h from 96-120 h previously reported. The proportion of matured oocytes cultured in the medium supplemented with pFSH/E2 (26.7%) was significantly higher (P<0.05) than that with PMSG/hCG (6.9%). The present study indicates that a portable CO2 incubator is a useful device for minke whale IVM culture on a research base ship, and the addition of pFSH/E2 into an IVM medium enhanced cumulus expansion and the proportion of minke whale matured oocytes.
eports regarding germ cells and endocrinology in minke whales are limited. Although there are some reports on attempts at in vitro production of minke whale embryos by Fukui et al. [1, 2] and Asada et al. [3, 4] , blastocyst stage embryos have not yet been produced to date through in vitro maturation (IVM), in vitro fertilization (IVF) and in vitro culture (IVC). The reports show that the proportion of matured minke whale oocytes was less than 30%, and that the culture period required for IVM was 120 h. Furthermore, it has been also reported that IVF and intracytoplasmic sperm injection (ICSI) are difficult due to low sperm motility and their availability.
One of the reasons making research of minke whale IVP difficult is that all culture devices (especially, CO 2 cylinder and standard CO 2 incubator) have to be set up on a research base ship. Recently, a simple portable CO2 incubator that does not need the standard culture device was designed by Suzuki et al. [5, 6] . It has been reported that the s i m p l e p o r t a b l e i n c u b a t o r w a s u s ef u l f o r performing bovine IVP and culture of embryos for nuclear transfer [7] . If it were recognize effective for minke whale IVP, it would be very useful for culture of minke whale oocytes and embryos on a research base ship.
Bovine and porcine cumulus oocyte complexes (COCs) have often been cultured in media supplemented with different combinations of additional hormones. For bovine IVM, follicle stimulating hormone (FSH) and estradiol-17β (E2) [8, 9] are often used in the maturation protocol. Also in porcine IVM, pregnant mare's serum gonadotropin (PMSG) and human chorionic gonadotropin (hCG) are often used [10] . In a previous study [4] , we investigated the effect of E 2 / porcine FSH (pFSH) and PMSG/hCG in an IVM medium on pronuclear formation and cleavage of minke whale oocytes. However, frozen-thawed immature oocytes were used in that study [4] , and the influence of hormones supplemented in IVM media on oocyte maturation was not able to be clarified. Therefore, it became necessary to investigate the effects of different hormonal additions to maturation media for IVM of fresh minke whale oocytes.
The purposes of the present study were: (1) to examine whether the simple portable CO 2 incubator was effective for IVM of bovine and porcine oocytes, and also for minke whale oocytes, and (2) to investigate the effect of different h o r m o n e s ( E 2 / p F S H / a n d P M S G / h C G ) supplemented to IVM media for minke whale fresh oocytes using the portable CO 2 incubator.
Materials and Methods
The present study was approved by the Animal Experimental Committee of Obihiro University of A g r i c u l t u r e a n d V e t e r i n a r y M e d i c i n e , i n accordance with the Guiding Principles for the Care and Use of Research Animals.
Minke whales
The present study was undertaken as a part of the Japanese Whale Research Program with Special Permit in the Antarctic (JARPA) and was organized by the Institute of Cetacean Research in Tokyo, Japan. The research area was composed of Area V (60°S to the ice edge and 130°E to 170°W) and western part of Area VI (60° to 69°S and 140° to 170°W), and was conducted from 2 December 2002 to 8 March 2003. All whales used in the present study were killed by explosive harpoons which have been recognized as the best humane killing method of whales by the International Whaling Commission (IWC) and stipulated by Schedule III (Capture) of the International Convention for the Regulation of Whaling. Special attention to reduce the time to death was given to all sampled whales: explosive harpoons for the primary method and a large caliber rifle for the secondary method when required.
Ovaries were collected from a total of 24 adult female minke whales (body length: 8.8 ± 0.1 m, body weight: 7.9 ± 0.3 t) within 3 h after death. Sexual maturity of each whale was determined by the presence or absence of corpus luteum and/or corpora albicans on either ovary. Animals with neither corpora albicans were co nsidered prepubertal. All adult whales were found to be pregnant.
Oocyte collection and in vitro maturation for minke whale oocytes
Cumulus-oocytes complexes (COCs) were collected by aspirating follicles 2-15 mm in diameter with an 18-gauge needle attached to a 20-mL syringe. Oocytes surrounded by more than two layers of cumulus cells and with homogeneous cytoplasm were selected. The COCs were washed in Medium 199 (Sigma, St. Louis, MO, USA) containing 0.1% (w/v) polyvinyl alcohol (PVA: Sigma), 2 mM NaHCO 3 (Wako Pure Chemical Industries, Osaka, Japan), 10 mM HEPES (Sigma) and 75 mg/l kanamycin (Hepes-M199: Sigma).
The maturation medium used for IVM was Medium 199 supplemented with 50% (v/v) whale follicular fluid (wFF), 0.33 mM sodium pyruvate (Wako), 1 mM glutamine (Wako), 75 mg/l kanamycin and hormones: 1 µg/ml E 2 (Sigma) and 0.02 AU/ml pFSH (Antrin; Denka Pharmaceutical Co., Ltd, Kanagawa, Japan); or 10 IU/ml PMSG (Serotropin; Teikokuzouki KK, Tokyo, Japan) and 10 IU/ml hCG (Gonatropin; Teikokuzouki KK). The wFF collected from 23 pregnant whales at various stages of pregnancy was pooled and kept at -30 C until used. Using the simple portable incubator, 20-30 COCs were cultured in a 500-µl well in maturation medium covered with mineral oil for 28-30 h at 37 C, 5% CO2, 8-10% O2 in -300 mmHg.
Oocyte collection and in vitro maturation for bovine and porcine oocytes
Bovine and porcine cumulus-oocyte complexes (COCs) were collected from follicles (diameters; 2-8 mm and 3-6 mm, respectively) of slaughtered ovaries, and oocytes with compacted cumulus cells and homogenous cytoplasm were selected and washed in media; Hepes-M199 and modified Tyrode's solution (TL-Hepes) supplemented with 0.1% (w/v) PVA.
Maturation medium for bovine oocytes was Medium 199 supplemented with 10% (v/v) newborn calf serum (NBCS; Gibco-BRL, Grand Island, NY, USA), 1 mM glutamine, 0.02 AU/ml pFSH, 1 µg/ml E 2 and 75 mg/L kanamycin. Maturation medium for porcine oocytes was Medium 199 supplemented with 3.05 mM glucose (Wako), 0.91 mM sodium pyruvate, 100 µM cysteamine (Sigma), 10 IU/ml PMSG, 10 IU/ml hCG and 10% (v/v) NBCS. All media containing oocytes were covered with mineral oil (Sigma) at 39 C. The culture periods for bovine and porcine IVM were 24 h and 48 h (first 24 h, supplemented with hormones; next 24 h without hormones), respectively.
Experiment 1: effect of types of incubators on IVM of bovine and porcine oocytes
Bovine and porcine COCs were cultured using the standard or simple portable CO2 incubators (Fujihira Industry Co. Ltd., Tokyo, Japan; Fig. 1 ). The portable incubator was used according to the method of Varisanga et al. [7] . The gas atmospheres of the standard and portable incubators were 5% CO2 in air and 5% CO2, 8-10% O2 in -300 mmHg, respectively. After IVM culture, the cumulus cellfree oocytes were fixed in 25% (v/v) acetic acid in ethanol for 24 h, and stained with 1% (w/v) orcein in 45% (v/v) acetic acid solution. To determine the nuclear stages following IVM culture, the proportion of oocytes at the second metaphase stage (MII) was determined.
Experiment 2: effect of hormones on IVM of minke whale oocytes using the portable incubator
Experiment 2 was conducted on a research base ship. Minke whale COCs were cultured in the maturation medium supplemented with 1) E 2 / pFSH, 2) PMSG/hCG, or 3) no addition using the portable incubator. After IVM culture, oocytes extruding th e first polar body (1PB) were considered "matured".
Statistical analysis
Data of in vitro maturation rate (%) in each replicate were analyzed by one-way ANOVA after arc-sin transformation. Mean rates of IVM were compared by Fisher's least significant difference test (PLSD-test) using the StatView program (Abacus Concepts, Berkeley, CA, USA). A value of P<0.05 was chosen for statistical significance.
Results

Experiment 1
The maturation rate of bovine oocytes cultured in the portable incubator (69.6%) was not significantly (P<0.05) different from that in the standard incubator (70.2%). Also, there was no significant difference between the standard and portable incubator on the rate of matured porcine oocytes (81.2% and 75.6%, respectively) ( Table 1) . (Fig. 2) . However, the proportion of matured minke whale oocytes, when cultured in the medium supplemented with pFSH/E 2 (26.7%), was significantly (P<0.05) higher than those with PMSG/hCG (6.9%) and no additive (1.1%) ( Table  2) . (i) A dish containing oocytes and the CO2 gas generation sachet (Gas generation kits BR39: OXOID Ltd., Hampshire, England) were placed in the plastic chamber box (volume: 15 cm × 10 cm × 4.5 cm)* 1 .
Experiment 2
Better cumulus cell expansion was observed by t h e a d d i t i o n o f p F S H / E 2 an d PM S G/ hCG compared with no additive after IVM of 28-30 h
(ii) The chamber box was depressurized (-300 mmHg) and low oxygen tension created (8-10%) by the hand vacuum pump* 2 . (iii) About 5% CO2 gas was generated by adding 5 mL distilled water from the inlet/outlet tap* 3 . (iv) The simple portable incubator was maintained at 37 or 39 C.
Discussion
For in vitro culture of minke whale oocytes or embryos, it is difficult to use conventional culture devices on a research base ship. Therefore, a simple portable system which does not need to use a large CO2 cylinder and the standard CO2 incubator is required. Recently, it was reported that a simple portable incubator was used for bovine IVP and nuclear transfer [5] [6] [7] . The present study investigated whether the simple portable incubator could be used as an alternative culture device for IVM of minke whale oocytes using bovine and porcine oocytes as control groups. In bovine IVM, the maturation rate was not significantly different between the standard (70.2%) and the portable (69.6%) incubators. The result was in agreement with the report of Varisanga et al. [7] . Although the culture period for porcine IVM was 48 h and the media were changed during the IVM culture, there was no significant difference in the rates of matured oocytes between the standard and the p o r t a b l e i n c u b a t o r s ( 8 1 . 2 % a n d 7 5 . 6 % , respectively), which was a similar result to that reported by Karja et al. [11] . It has been reported that the most important factors for "meiotic maturation" are the composition of culture media and the initial quality of the immature oocytes, the presence of surrounding cumulus cells [12] . The chamber box of the simple portable incubator was given a negative air pressure (-300 mmHg) to create an 8-10% O 2 condition. It is known that a low oxygen tension reduces free oxygen radicals [13] [14] [15] , the formation of superoxide radicals [16] and the generation of reactive oxygen species [17] , so it may promote "cytoplasmic maturation" and i m p r o v e t h e s u b s e q u e n t d e v e l o p m e n t a l competence. In this study of minke whale IVM, a maturation rate (approximately 30%) similar to previous reports [1, 3] was obtained, but the proportion of matured oocytes was not improved. However, as in previous reports [5] [6] [7] involving other animals, the simple portable incubator creating a lo w O 2 condition may enhan ce " c y t o p l a s m i c m a t u r a t i o n " l e a d i n g t o t h e subsequent embryonic development of minke whale oocytes.
The FF has been successfully incorporated in IVM media for bovine [18, 19] , human [20, 21] , porcine [22] and equine [23] oocytes. Especially, in buffalos, there are reports that the maturation rate was increased by adding 40% [24] or 100% [25] of high concentration FF to IVM media. Also, human [18] immature oocytes were cultured in vitro with Ham's F-10 supplemented with human FF (hFF) or human fetal cord serum (hFCS). The maturation rate in the hFF group was 55.8%, significantly higher than the 35.9% in the hFCS group. In addition, the hFF group had a significantly higher fertilization rate than the hFCS group (81.0% and 31.6%, respectively). Following that report [18] , the IVM system for minke whale oocytes was modified from Medium 199 containing 20% whale fetal cord serum (wFCS) to Medium 199 containing 50% wFF. The modifications resulted in a proportion of matured oocytes which was similar to a previous IVM study (approximately 30%) after IVM culture for only 28-30 h instead of 96-120 h [1] [2] [3] . Two reasons can be considered for the shortened IVM culture period. First, FF consists of various growth factors, gonadotropins, steroid hormones and several nutrients. Second, the osmolarity of wFF (387.9 ± 3.1 mOsm) is high compared with the bovine and porcine FF (approximately 300 mOsm). The osmolarity of the IVM medium containing 50% wFF used in this study was about 350 mOsm. These IVM conditions might have provided a better environment for minke whale oocytes to be matured than the medium without wFF. A l t h o u g h v a r i o u s h o r m o n e s h a v e b e e n s u p p l e m e n t e d t o I V M c u l t u r e [ 8 -1 0 ] , t h e effectiveness has been controversial. FSH induces cumulus expansion in several mammalian oocytes. In bovine COCs, expansion of cumulus mass was induced by bovine, porcine and human FSH, but no significant difference was found in the proportion of oocytes reaching metaphase II [26, 27] . In the present study, in minke whale oocytes the maximum cumulus expansion was observed in the pFSH/E 2 group and PMSG/hCG group after IVM 28-30 h (Fig. 1) . "FSH action" or "FSH like-action of PMSG" might have played a role in expansion of cumulus mass. Since FSH receptors are present in bovine [28] and porcine [29] cumulus cells, it seems that FSH receptors also exist in minke whale cumulus cells. Although the grade of cumulus expansion was similar between the FSH/E 2 and PMSG/hCG groups, the proportion of matured oocytes, when cultured in a medium supplemented with pFSH/E 2 (26.7%), was significantly higher (P<0.05) than with PMSG/hCG (6.9%) ( Table 2 ). This result indicates that meiotic resumption for minke whale oocytes may require E 2 action rather than LH-like action of hCG. Although 1 µg/ml E 2 is often used in IVM culture, the precise role of E2 during IVM of mammalian oocytes remains controversial. IVM of bovine oocytes in the presence of E 2 increased the maturation rate [9, 10] . In contrast, a negative effect of E 2 on cumulus expansion, spindle formation and the 1PB extrusion of bovine oocytes [30, 31] has also been reported. The effect of E 2 may be different according to the IVM culture conditions (supplemented with serum, FF, gonadotropins and other steroid hormones) in the different compositions of culture media.
In conclusion, the present results show that a simple portable CO 2 incubator was a useful device for IVM culture of minke whale oocytes on a research base ship. Also, the addition of pFSH/E 2 enhanced cumulus expansion and the proportion of in vitro matured oocytes with the 1PB extrusion, and it was found to be more effective for IVM of minke whale oocytes than the use of PMSG/hCG. 
